Unclassified 


•  SECU^'TV  CLASSlEICATlOM  OE  THI.  PAGE 


la  HEPOAT  security  CLASSIFICATION 

UNCLASSIFIED 


REPORT  DOCUMENTATION  PAGE 


lb.  RESTRICTIVE  MARKINGS 


Wico 


AD-A204  816 


6a  NAME  OF  PERFORMING  ORGANIZATION 

Cornell  University 


.ECTE 

198S 

BERIS) 


[Sc  ADDRESS  (City.  Stete  and  ZIP  Codei 

Department  of  Chemistry 

Ithaca,  New  York  14853-1301 

[b*  name  op  PUNOING/SPONSORING 

Sb  OFFICE  SYMBOL 

ORGANIZATION 

(tf  epplieebte) 

AFOSR 

NC 

Sc  AOOHESS  iCily.  Stale  and  ZIP  Codei 

Bui. ding  410 

Bulling  AFB,  DC  20332-6448 

11  title  ilnelude  Security  Claeeifieationi 

f^inal  Technical  Report:  Molecular  Dvnamiri;  in 

3  OiSTRIBUTION/AVAILABiLITV  OF  REPORT 

Approved  for  public  release;  | 

Distribution  unlimited 


S  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 

AKOt>K*  IK-  o  9  -  1 


7a  NAME  OF  MONITORING  ORGANIZATION 

AFOSR/NC 


7b.  address  'City.  Slate  and  ZIP  Code! 

Chemical  and  Atmospheric  Sciences 
Bolling  Air  Force  Base,  D.  C.  20332 


9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

AFOSR-86-0017 


10.  SOURCE  OF  FUNDING  NOS. 


TASK 

WORK  UNIT 

NO 

NO. 

B1 

12  PERSONAL  AUTmORISI 


13a  type  OF  REPORT 

FINAL 


16  supplementary  notation 


Paul  L.  Houston 


13b.  TIME  COVERED 

FROM  11/85  TO  10/88 


14.  DATE  OF  REPORT  (Yr.  Mo..  Ooyl  I  15.  PAGE  COUNT 


January  30,  1989 


17  COSATI  COOES 


field  group  sue  GR 


18.  SUBJECT  TERMS  (Continue  on  r9ver$e  if  neeeeeory  on4  identify  by  biock  numberf 


j  Lv  \\"  ' 


19  abstract  (Continue  on  roverae  if  neeeeecry  end  identify  dy  btock  numberi 


This  reportX^ummarizes  research  progress  under  grant  AFOSR-86-0017  for  the  three-year  period 
1985-1988.  The  photodissociation  OCS  at  222-nm  has  been  examined  by  using  tunable  vacuum 
ultraviolet  laser  radiation  to  probe  theKlO  and  products.  Products  of  both  the  monomer  and 
polymer  dissociation  have  been  identified  and  characterized,  with  particular  emphasis  on  vector 
correlations.  The  vacuum  ultraviolet  radiation  used  to  probe  the  CO  and  S  products  is  generated 
by  four- wave  mixing  in  magnesium  vapor.  The  photodissociation  of  OCS  at  157  nm  and  of  COj 
at  the  same  wavelength  have  also  been  investigated.  Energy  transfer  between  hot  hydrogen  atoms 
and  CO(v=0,J=0)  has  been  investigated  by  dissociating  HfjS  in  a  molecular  beam  containing  CO 
and  probing  the  CO  product  by  VUV  laser-induced  fluorescence.  (  (.  \  i .  ) 


20  OISTRIBUTION/AVAILABILITV  OF  ABSTRACT 
UNCLASSiFlEO/UNLlMITEO  G3  SAME  AS  RPT.  0  OTIC  USERS  □ 


22*.  NAME  OF  responsible  INDIVIDUAL 

Dr.  Francis  J.  Wodarczyk 


DO  FORM  1473.  83  APR  edition  of  i  jan  ts  is  obsolete 


21  abstract  security  classification 

UNCLASSIFIED 


22b  telephone  number  |22c  OFF  ICE  SYMBOL 


22b  telephone  number 
rinclud*  Am  Codei 

(202)  767-4963 


llimEMAIAU.I 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


COMPLETED  PROJECT  SUMMARY 

A>  ObK  -  TK .  6  9  U  2  1  b 


TITLE:  Molecular  dynamics  in  the  Vacuum  Ultraviolet 


PRINCIPAL  INVESTIGATOR: 

INCLUSIVE  DATES:  November 

CONTRACT/ GRANT  NUMBER: 

COSTS  AND  FY  SOURCE: 

SENIOR  RESEARCH  PERSONNEL: 

JUNIOR  RESEARCH  PERSONNEL: 


Paul  L.  Houston 
Department  of  Chemistry 
Cornell  University 
Ithaca,  New  York  14853-1301 

1985  through  October  31,  1988 

AFOSR  86-0017 

$121,449  FY  87 
$126,583  FY  88 
$123,757  FY  89 
$371,789  total 

Dr.  Itamar  Burak  (Univ.  Tel  Aviv) 
Dr.  G.  Chawla 
Dr.  G.  E.  Hall 

Prof.  J.  W.  Hepburn  (Waterloo) 
Prof.  G.  Schatz  (Northwestern) 

G.  E.  McBane 
C.  E.  Strauss 
N.  Sivakumar 
R.  Ogorzalek  Loo 


PUBLICATIONS: 

1.  G.  E.  Hall,  N.  Sivakumar,  R.  Ogorzalek,  G.  Chawla,  H.-P. 
Haerri,  P.  L.  Houston,  I.  Burak,  and  J.  W.  Hepburn,  "Product 
Correlations  in  Photofragment  Dynamics,"  Disc.  Farad.  Soc. 
82,  13  (1986). 

2.  P.  L.  Houston,  "Vector  Correlations  in  Photodissociation 
Dynamics,"  J.  Phys.  Chem.  91,  5388  (1987). 

3.  G.  E.  Hall,  N.  Sivakumar,  D.  Chawla,  P.  L.  Houston,  and  I. 
Burak,  "Angular  Correlations  between  Recoil  Velocity  and 
Angular  Momentum  Vectors  in  Molecular  Photodissociation,"  J. 
Chem.  Phys.  88,  3682-3691  (1988). 

4.  N.  Sivakumar,  G.  E.  Hall,  P.  L.  Houston,  I.  Burak,  and 

J.  W.  Hepburn,  "State-Resolved  Photodissociation  Dynamics  of 
DCS  Monomers  and  Clusters,"  J.  Chem.  Phys.  88,  3692-3708 
(1988)  . 

5.  G.  E.  Hall,  R.  Ogorzalek  Loo,  H.-P.  Harri,  N.  Sivakumar,  G. 

K.  Chawla,  P.  L.  Houston,  D.  W.  Chandler,  J.  W.  Hepburn,  and 


89  2 


Approved  for  pujilo  releas*; 
iiBirlbution  xiolinited. 


I.  Burak,  "Vector  Correlations  in  the  Photodissociation  of 
CH3I,  OCS,  and  Glyoxal,”  Ber.  bunsenges.  Phys.  Chem.  92, 
281-288  (1988). 

6.  G.  K.  Chawla,  G.  C.  McBane,  P.  L.  Houston,  and  G.  C.  Schatz, 
"State-selective  Studies  of  T  -  R,V  Energy  Transfer:  the  H  + 
CO  System,"  J.  Chem.  Phys.  88,  5481-8  (1988). 

7.  G.  E.  Hall,  N.  Sivakumar,  G  Chawla,  P.  L.  Houston,  I. 

Burak,  I.  M.  Waller,  H.  F.  Javis  and  J.  W.  Hepburn,  "Photo¬ 
fragment  Spectroscopy  with  Coherent  VUV:  Product  Correla¬ 
tions  and  Alignment,"  AIP  Conference  Proceedings  160,  1987 
(Adv.  Laser  Sci.  2),  pp  170-178. 

8.  R.  Ogorzalek  Loo,  C.  E.  Strauss,  H.-P.  Haerri,  G.  E.  Hall, 

P.  L.  Houston,  I.  Burak,  and  J.  W.  Hepburn,  "Vector  Correla¬ 
tions  in  the  157-nm  Photodissociation  of  OCS  and  the  266-nm 
Photodissociation  of  Methyl  Iodide,"  Disc.  Farad.  Soc., 
accepted. 

9.  C.  E.  Strauss,  P.  L.  Houston,  I.  Burak,  and  J.  W.  Hepburn, 
"The  157-nm  Photodissociation  of  OCS,"  J.  Chem.  Phys., 
submitted. 


ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS 

Tunable  vacuum  ultraviolet  radiation  generated  by  four-wave 
mixing  was  used  to  probe  photodissociations,  reactive  encounters, 
and  collisional  energy  transfer.  Photodissociation  studies  of 
OCS  at  222  nm  were  completed  and  studies  at  157  nm  were  begun. 
Substantial  progress  was  made  in  understanding  and  employing 
vector  correlations  to  unravel  the  details  of  photochemical 
events.  Energy  transfer  reactions  of  the  type  H  +  C0(v=0, J=low) 
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Molecular  Dynamics  in  the  Vacuum  Ultraviolet 

Final  Technical  Report 
November  1,  1985  through  October  31,  1988 
Paul  L.  Houston 
Department  of  Chemistry 
Cornell  University 
Ithaca,  New  York  14853 


Summary 

This  report  summarizes  research  progress  under  grant  AFOSR-86-0017  for  the  three-year 
period  1985-1988.  The  photodissociation  of  OCS  at  222-nm  has  been  examined  by  using  tunable 
vacuum  ultraviolet  laser  radiation  to  probe  the  CO  and  S  products.  Products  of  both  the  monomer 
and  polymer  dissociation  have  been  identified  and  characterized,  with  particular  emphasis  on 
vector  correlations.  The  vacuum  ultraviolet  radiation  used  to  probe  the  CO  and  S  products  is 
generated  by  four- wave  mixing  in  magnesium  vapor.  The  photodissociation  of  OCS  at  157  nm 
and  of  COj  at  the  same  wavelength  have  also  been  investigated.  Energy  transfer  between  hot 
hydrogen  atoms  and  CO(v=0,J=0)  has  been  investigated  by  dissociating  H2S  in  a  molecular  beam 
containing  CO  and  probing  the  CO  product  by  VUV  laser-induced  fluorescence. 

Work  Statement 

Tunable  vacuum  radiation  generated  by  four- wave  mixing  was  used  to  probe  photodis¬ 
sociations,  reactive  encounters,  and  collisional  energy  transfer.  Photodissociation  studies  of  OCS, 
already  underway  at  the  beginning  of  the  grant  period,  were  completed,  and  a  study  of  COj  was 
initiated.  Energy  transfer  reactions  of  the  type  H  +  CO(v=0,J=low)  -►  H  +  CO(v,J)  were  inves¬ 
tigated.  Further  development  of  tunable  vacuum  ultraviolet  sources  has  opened  wide  areas  of 
molecular  dynamics  for  study. 

Completed  Research 

Photodissociation  of  OCS  in  the  region  from  222-248  nm  has  been  investigated  by 
monitoring  the  CO,  and  S(^D2)  primary  photoproducts  as  well  as  the  secondary  production  of 
S(®P2),  S(^Pi),  and  S(®Po)  using  fluorescence  induced  by  a  tunable  vacuum  ultraviolet  laser  source 
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based  on  four-wave  mixing  in  magnesium  vapor.  The  quantum  yield  of  S(^P)  was  found  to  be 
0.00  ±  0.02  at  222  nm.  Thus,  in  contrast  to  our  preliminary  report,  the  present  more  detailed 
investigation  shows  that  the  sole  sulfur  product  appears  to  be  S(^D).  The  CO  photofragment  is 
produced  almost  exclusively  in  v=0  [CO(v=l)/CO(v=0)  «  0.02],  but  the  rotational  distribution  is 
inverted  and  peaked  at  very  high  rotational  levels.  The  peak  shifts  from  J=56  for  dissociation  at 
222  nm  to  J=31  at  248  nm.  Doppler  profiles  of  the  CO  rotational  transitions  reveal  1)  that  all 
observed  levels  are  produced  in  coincidence  with  S(^D),  2)  that  for  222-nm  photolysis  the  frag¬ 
ment  recoil  anisotropy  shifts  from  a  distribution  characterized  by  ^=1.9  at  J=67  toward  one 
characterized  by  near  J=54,  3)  that  the  CO  velocity  vector  is  aligned  nearly  perpendicular  to 
its  angular  momentum  vector,  and  4)  that  the  CO  angular  momentum  vector  is  also  aligned 
parallel  to  that  component  of  the  transition  dipole  which  lies  perpendicular  to  the  recoil  velocity. 
These  results  are  interpreted  in  terms  of  a  model  for  the  dissociation  in  which  excitation  takes 
place  to  two  surfaces  of  A’  and  A"  symmetry  derived  from  a  bent  configuration. 

Dissociation  of  OCS  clusters  was  also  investigated  and  was  found  to  produce  a  photochem¬ 
istry  completely  different  from  that  of  the  monomers.  Rotationally  cold  CO  as  well  as  Sj  in  both 
the  X^Eg'  and  a^Ag  states  was  observed. 

The  photodissociation  of  OCS  at  157  nm  has  been  investigated  by  using  tunable  vacuum 
ultraviolet  radiation  to  probe  the  CO  and  S  photoproducts.  Sulfur  is  produced  almost  entirely  in 
the  S(^S)  state,  while  CO  is  produced  in  its  ground  electronic  state  and  in  vibrational  levels  from 
v=0-3  in  the  approximate  ratio  (v=0):(v=l);(v=2):(v=3)  =  (1.0):(1.0):(0.5):(0.3).  The  rotational  dis¬ 
tribution  for  each  vibrational  level  is  found  to  be  near  Boltzmann,  with  temperatures  that 
decrease  from  1350  K  for  v=0  to  780  K  for  v*3.  Measurements  of  the  CO  Doppler  profiles 
demonstrate  that  the  dissociation  takes  place  from  a  transition  of  predominantly  parallel  character 
(y9=1.8±0.2)  and  that  the  CO  velocity  and  angular  momentum  vectors  are  perpendicular  to  one 
another. 

A  preliminary  investigation  of  the  photodissociation  of  COj  at  157  nm  has  been  undertak¬ 
en.  Laser-induced  fluorescence  signals  have  been  observed  for  the  CO  products,  but  analysis  of 
the  spectrum  has  not  been  completed.  The  CO  product  is  observed  primarily  in  v=0  and  v=l. 


Collisional  energy  transfer  from  H  atoms  to  CO(v=0,Jw2)  has  been  studied  at  a  collision 
energy  of  1.58  ±  0.07  eV  by  photolyzing  HjS  at  222  nm  in  a  nozzle  expansion  with  CO  and 
probing  the  CO(v",J")  levels  using  tunable  VUV  laser-induced  fluorescence.  The  ratio 
CO(v"=l)/CO(v"=0)  is  found  to  be  0.1  ±  0.008.  The  rotational  distribution  of  CO(v"=0)  peaks  at 
J"«ll  and  decays  gradually;  population  is  still  observed  at  J">45.  The  rotational  distribution  of 
CO(v"=l)  is  broad  and  peaks  near  J"=20.  The  experimental  results  have  been  compared  to 
quasi-classical  trajectory  calculations  performed  both  on  the  H+CO  surface  of  Bowman,  Bittman 
and  Harding  (BBH)  and  on  the  surface  of  Murrell  and  Rodriguez  (MR).  The  experimental  rota¬ 
tional  distributions,  particularly  those  for  CO{v"=l),  show  that  the  BBH  surface  is  a  better  model 
than  the  MR  surface.  The  most  significant  difference  between  the  two  surfaces  appears  to  be 
that  for  energetically  accessible  regions  of  configuration  space  the  derivative  of  the  potential  with 
respect  to  the  CO  distance  is  appreciable  only  in  the  HCO  valley  for  the  BBH  surface,  but  is  large 
for  all  H  atom  approaches  in  the  MR  potential.  Because  the  H-CO  geometry  is  bent  in  this 
valley,  vibrational  excitation  on  the  BBH  surface  is  accompanied  by  appreciable  rotational  excita¬ 
tion,  as  observed  experimentally.  Current  efforts  are  underway  to  investigate  the  dynamics  at 
somewhat  higher  collision  energy  (2.3  eV)  and  to  learn  from  the  Doppler  profiles  of  the  scattered 
CO  any  possible  information  about  the  differential  scattering  cross  section  and  about  the 
correlation  between  velocity  and  rotational  angular  momentum  vectors  in  the  CO  product. 
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